duced as a result of our PBM initiative. However, among the transfused patients, the number of administered RBC, FFP and PLT units did not decrease significantly. Overall, patients who did not receive transfusions were younger than transfused patients (p = 0.001). The subgroup with the highest probability of blood transfusion administered included patients with intensive care and long-term ventilation (before/after implementation of PBM: RBC 81.5%/75.9%; FFP 33.3%/20.4%; PLT 24.1%/13.0%). Only a total of 60 patients of 531 patients suffering multiple traumas were massively transfused (before/after implementation of PBM: RBC 55.6%/49.8%; FFP 28.4%/20.4%; PLT 17.6%/8.9%). Conclusion: According to our educational PBM initiative, at least the proportion of trauma patients who received allogeneic blood transfusions could be reduced significantly. However, in case of blood transfusions, the total consumption of RBC, FFP and PLT units remained stable in both time periods. This phenomenon might indicate that the actual need of blood transfusions rather depends on the severity of trauma-related blood loss, the coagulopathy rates or the complexity of the surgical intervention which mainly determines the intra-operative blood loss. Taken together, educational training sessions and systematic reporting systems are suitable measures to avoid unnecessary allogeneic blood transfusions and to continuously improve their restrictive application.
Summary

Background:
The aim of our single-centre retrospective study presented here is to further analyse the utilisation of allogeneic blood components within a 5-year observation period (2009) (2010) (2011) (2012) (2013) in trauma surgery (15,457 patients) under the measures of an educational patient blood management (PBM) initiative. Methods: After the implementation of the PBM initiative in January 2012, the Institute of Transfusion Medicine und Transplantation Immunology educates surgeons and nurses at the Department of Trauma Surgery to avoid unnecessary blood transfusions. A standardised reporting system was used to document the utilisation of blood components carefully for the most frequent diagnoses and surgical interventions in trauma surgery. These measures served as basis for the implementation of an interdisciplinary systematic exchange of information to foster decision-making processes in favour of patient blood management. Results: Since January 2012, the proportion of patients who received a transfusion as well as the number of transfused red blood cell (RBC) (7.3%/6.4%; p = 0.02), fresh frozen plasma (FFP) (1.7%/1.3%; p < 0.05) and platelet (PLT) (1.0%/0.5%; p < 0.001) units were re-
Introduction
The German TraumaNetwork DGU ® Project was initiated in 2006 to improve the pre-hospital rescue system of seriously injured patients, to accelerate their transfer to an appropriate hospital and to compensate for variations in the hospital infrastructure, personal strength and equipment [1] . Dividing the participating hospitals into local, regional and supra-regional trauma surgical centres, this new quality emergency system reached full coverage throughout Germany in 2012. Furthermore, a new interdisciplinary S3 guideline was published to optimise the patient outcome in pre-hospital and emergency room care as well as in emergency surgery [2] . In 2011, about 8.72 million people are injured and more than 20,406 die in accidents in Germany [3] . Only a minor subset of these patients requires blood components. To predict transfusion requirements in those seriously injured patients, an emergency transfusion score comprising three different clinical risk groups was implemented [4, 5] .
Especially extensive and complex injuries are the cause of frequent blood transfusions to compensate for major blood loss [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The severity and nature of the injuries directly influence the likelihood and volume of blood transfusions. Therefore, a central task in emergency medicine is to rapidly control haemorrhage to ensure the survival of injured patients [9, 12, 13, [16] [17] [18] [19] . Additionally, the time of transportation, the risks of hypothermia and trauma-induced coagulopathies as well as age and co-morbidities of each individual patient are further confounding determinants of the need for blood transfusion [9, 16] .
The Department of Trauma Surgery at the University Hospital Münster (UKM) is one of the supra-regional trauma centres within the German TraumaNetwork DGU with frequent demand of blood components [20] . The aim of this single-centre retrospective study was to analyse the utilisation of blood components in trauma patients, focusing on the comparison of the transfusion frequency and intensity before and after the implementation of a patient blood management (PBM) initiative which was based primarily on an educational training programme. Fortunately, our database structure allowed the precise linkage of blood transfusions to trauma diagnoses and surgical treatments with special emphasis on multiple trauma patients.
Material and Methods
Database
The Institute of Transfusion Medicine and Transplantation Immunology documents each transfusion of allogeneic blood components on a per-case basis for all in-patients, including number of transfused red blood cells (RBCs), fresh frozen plasma (FFP) and platelets (PLTs), date of production and issuance, diagnosis, surgical/non-surgical procedures as well as clinical performance groups (klinische Leistungsgruppen = KLG).
Data Processing
The case-related patient data are allocated to the particular medical department within a standardised process developed by the Department of Medical Management [21, 22] . This allocation is done using an algorithm that assures a comprehensible and reliable assignment of cases to enable the medical department and the hospital management to plan, monitor and control the number of operations during in-patient treatment and is based mainly on the complexity of a surgical procedure and the length of stay [21, 22] . After allocation to the main treating medical department, the case-related data undergo a further classification and were assigned to the KLG. [21] . The KLG system is mostly independent from the German diagnosis related groups (G-DRG) system. Within the KLG system, each in-patient case is assigned to only one KLG, e.g., multiple trauma, intensive care with long-term ventilation or arthroplasty. If necessary, the KLG are further differentiated into subclasses, e.g., arthroplasty is subdivided into modular prosthesis, knee or hip or other joint prosthesis, and prosthesis replacement. The allocation process follows a given hierarchy that considers complex cases first, e.g., multiple trauma. Cases of lower complexity or non-surgical treatments are accounted in descending order. The KLG for multiple traumas used in this study comprises all cases that are identified as 'multiple trauma' in terms of the G-DRG system (at least two serious injuries of different body sites) as well as cases with serious injuries as main diagnosis with artificial ventilation of more than 249 h. In contrast, the KLG for 'intensive care with long-term ventilations' includes all cases that do not fulfil the requirements of the function 'multiple trauma' but require treatment in an intensive care unit (ICU) and artificial ventilation for more than 95 h.
PBM Initiative
Since January 2012, the Department of Trauma Surgery and all other departments in the UKM have been subject to regular reporting and educational training sessions about the utilisation of blood components (RBCs, FFP, PLTs) by the Institute of Transfusion Medicine and Transplantation Immunology. The standardised report contains all transfusion requirements corresponding to each KLG mentioned above. The data even enable us to retrace decision-making in favour of blood transfusion in individual patients if necessary. The report serves as a basis to enable the transfusion-commissioned physician to critically scrutinising his/her blood utilisation practise and to acquaint him/her with the ideas of worldwide PBM initiatives. Currently used indications for blood transfusions and the adherence to rather restrictive transfusion policies published in the German guidelines were selected as central topics. Suggestions for improvement, e.g., elective operations, blood-saving methods or massive transfusions, are developed and realised together with the department.
Additionally, standardised PBM training programmes for doctors and nurses are performed regularly, particularly with aim to avoid overuse of blood transfusions in trauma surgery and, at least, to guarantee compliance to the recommendations of the German guidelines.
Statistical Methods
The comparison of time periods was performed using Fisher's exact test [23] for qualitative variables with two categories, the chi-square test [24] for qualitative variables with three or more categories and the Mann-Whitney-U-test [25] for quantitative variables. All tests were two-sided. If a p value was smaller than 5%, we concluded that the difference was statistically noticeable. We intentionally do not use the term 'significant'. Because this is a retrospective analysis, the results of the statistical tests are to be interpreted in an exploratory, and not in a confirmatory sense, and an adjustment for multiple testing is not applied.
Results
Approximately 6% of all in-patients of the UKM were treated in the Department of Trauma Surgery annually. This patient cohort Our PBM initiative started in January 2012. The overall frequency of trauma patients receiving RBC, FFP and PLT units before and after the PBM implementation was low (<8% for RBCs, <2% for FFP and 1% for PLTs as shown in table 2 in more detail). A statistically noticeable difference in favour of a lower probability to become transfused was observed in most patients with a hospital stay after PBM implementation, e.g. for those with >2 RBC (p = 0.023), 5 FFP (p = 0.049) and 1-2 PLT (p = 0.002) transfusions.
Considering only the above mentioned minor patient cohort which received one blood transfusion, the total number of transfused RBC, FFP, and PLT units did not change considerably ( fig. 1 ). The median consumption of RBC, FFP and PLT units was equal in both time periods (RBCs 4, FFP 8, PLTs 2), and a statistically noticeable difference cannot be observed (RBCs p = 0.076, FFP p = 0.342, PLTs p = 0.959), although there was a trend towards a reduction of RBC transfusion. The boxplots also reveal that the vast majority of trauma patients -in the case that any transfusion was applied -received 5 FFP and up to 4 PLTs ( fig. 1 ). Furthermore, only about 16% of the transfused patients received 10 RBC units during the hospital stay. We observed that the 'tradition of ordering RBC in double packs' persists as approximately 80% of the transfused patients received an even number of RBC units.
The age distribution of all trauma patients remained similar after the introduction of our PBM initiative as expected (median 45 and 46 years, fig. 2 ). Irrespective of PBM measures, we observed that older patients are more likely to receive blood transfusions; e.g., the median age for RBC transfusions was 67 years versus 44 years for the patient cohort without transfusions (p = 0.001). Comparable data for FFP and PLT are summarised in figure 2. Not surprisingly, the proportion of female and male patients within trauma patients did not change after 2011. More men (58%) than women (42%) were admitted to the Department of Trauma Surgery, but the proportion of patients who were transfused with allogeneic RBCs was noticeably higher (p < 0.001) in women (8.4%) than in men (5.9%). However, if a transfusion was necessary, male trauma patients received a higher number of RBC units (median 4 vs. 3) per treatment than did females (p < 0.001). In contrast, more men than women were transfused with FFP (1.9 vs. 1.0%; p < 0.001) and PLTs (1.0 vs. 0.6%; p < 0.01). However, the median consumption of FFP and PLT units was equal for men and women.
We further investigated whether particular subgroups of trauma patients were transfused more or less frequently. In table 3, the utilisation of blood components is differentiated according to the underlying diagnoses or clinical sub-disciplines of trauma surgery (see 'Material and Methods'). In 2009-2011 and 2012/2013, the cohort of patients with multiple traumas or intensive care with long-term ventilation exhibited a considerably higher rate of blood transfusion recipients and of RBC, FFP and PLT consumption than all other cohorts (e.g., arthroplasty, fracture treatment or bone surgery, operations of spine and spinal cord and several other therapies).
We then focussed on patients with massive transfusions. During the entire observation time, only 173 individuals out of a total of 15,457 patients in the Department of Trauma Surgery were supplied with 10 RBC units during their hospital stay, which represents approximately 1%. More than one third of these patients suffered from multiple traumas (n = 60, table 4) with severe haemorrhage and the urgent need of massive transfusion as defined as 10 RBC transfusions within 24 h. In other words, only 11.3% of all patients with multiple traumas required massive transfusions (60/531). Most of these patients were injured by traffic accidents, accidents at work or falls from a great height. In our study, mas- 
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Discussion
Recently, a great epidemiological study on trauma-related mortality in the USA was published by Sise et al. [27] . Similar to our analysis, the authors identified two main reasons for serious injuries and death: traffic accidents and falls. In contrast to our study, firearm-related injuries and deaths play a further major role for traumarelated mortality in the USA [27] . The mean ISS of all traffic accidents victims admitted to the US emergency centres ranged from 9.3 to 10.3. Our ISS data for patients in the emergency room amounted to 9.1 and 15.3. However, the subgroup of patients with multiple traumas and massive transfusions has a significantly higher ISS, as our data demonstrate (ISS ranged between 16 and 86).
Nowadays, a restrictive strategy of RBC transfusion (haemoglobin < 7 g/dl) is known to be as effective as or even superior to liberal RBC transfusion policies (haemoglobin < 10 g/dl), as initially reported in the landmark TRICC trial by Hébert et al. [28] for critically ill patients, resulting in an about 30% reduction of allogeneic RBC consumption without negatively affecting the overall mortality. Meanwhile, this observation was confirmed for haemodynamically stable non-bleeding patient cohorts, such as paediatric ICU patients (TRIPICU trial [29] ), and for elderly high-risk patients who underwent elective orthopaedic surgery (FOCUS trial [30] ). Two further studies support the safety of a rather restrictive transfusion policy in cardiac surgery (TRACS trial [31] ) and for patients with upper gastrointestinal bleedings [32] by identifying allogeneic RBC transfusions as independent risk factor for complications and death. More recently, a Cochrane meta-analysis summarising the results of 19 randomised clinical trials with more than 4,000 surgical patients and several reviews and recommendations have highlighted the impact of blood transfusions on morbidity and mortality [13, 17, 33, 34] . However, it remains challenging to implement this restrictive transfusion strategy in severely injured trauma pa- tients with ongoing bleedings requiring further RCB transfusions in this patient subgroup.
Our educational PBM initiative includes the introduction of a periodical reporting system for blood component utilisation, interviews with transfusion experts of all relevant departments and regular educational training programmes to align the individual transfusion decision with the current guidelines and the objective results obtained from several randomised clinical trials as mentioned above [28] [29] [30] [31] [32] . After the implementation of the PBM initiative, the proportion of transfused patients and the total amount of blood components applied annually could be noticeably reduced. However, in transfused patients a significant reduction in the mean amount of blood components could not be found, except for a trend with regard to RBC transfusion. These findings suggest that actually unnecessary transfusions are preferentially avoided by our PBM initiative, whereas appropriate indicated blood transfusions were administered at the same level as before.
In a multicentre study comprising 4,982 ICU patients including 12% trauma and 20% post-operative cases, 44.7% of the patients received RBCs in the ICU and 13.4% received RBCs after their discharge [35] . In this study, haemoglobin values served as transfusion triggers, varying from <7 up to 10 g/dl (8.6 ± 1.7 g/dl). The frequency of patients with RBC transfusions in this study (overall 48.2%) is comparable to the amount of transfused patients with multiple traumas in our cohort (before PBM 55.6%, under measures of PBM 49.8%).
According to a retrospective study in the USA including 5,645 trauma patients, RBC units were used in 8% (5,219 units, mean consumption 10,7 units per transfused patient), FFP units in 5% (5,226 units, mean consumption of approximately 19 units) and PLT units in only 3% of all patients (2,892 units, mean consumption of approximately 17 units). Therefore, the magnitude of blood supply for an individual patient was much higher in this study then that observed in our patient cohort [12, 16] . Furthermore, nearly two thirds of all RBC transfusions were performed within 24 h after hospital admission. In 146 out of these 5,645 trauma cases (2.6%), patients were supplied with massive transfusion defined as 10 or more RBC units within 24 h in comparison to approximately 1% in our retrospective analysis. Most likely due to lower rates of violent crimes in Germany and an overall lower ISS of all trauma patients investigated, our cohort exhibits a slightly lower number of patients with RBC transfusions (5.9-8.1% with a mean consumption of 5.4-7.1 units per patient) compared with the US data mentioned above. Overall, 3% of the trauma patients (531/15,457) in our study were categorised as multiple trauma patients. Of these, approximately one half received RBC transfusions, and one fifth received FFP transfusions. Only in about 11% (60/531) of these patients, severe haemorrhage made mass transfusions of RBCs necessary. Therefore, our results are more or less consistent with those of the above mentioned study. As shown in our patient cohort with massive transfusion, the RBC/FFP ratio was about 1.0 as expected, whereas the RBC/ PLT ratio was 6.4 indicating a less frequent and potentially delayed decision to add platelet transfusions.
In critically ill patients, including those suffering traumas, the number of RBC transfusions is associated with increased mortality, nosocomial infections, multi-organ dysfunction syndrome, acute respiratory distress syndrome and extended length of stay in the ICU and in the hospital [35] [36] [37] [38] [39] . A meta-analysis comprising more than 43,000 trauma cases in 10 studies confirmed these results in general [40] . Therefore, the number of transfused RBCs is discussed as a predictor for worse clinical outcome and as independent risk factor for morbidity and mortality [7, 13, 17, 35, [37] [38] [39] [40] . Furthermore, longer RBC storage time [17, 40, 41] as well as proinflammatory and immunomodulatory effects are discussed as further 'determining' factors [17, 36] .
To this end, the utilisation of blood components -especially RBC transfusions -should strongly adhere to international guidelines which are based on knowledge of evidence-based medicine. In a recently published study including more than 20,000 trauma patients, Perel et al. [42] found that the association with the all-cause mortality varies with the predicted risk of death. In cases with low predicted risk ( 20%), transfusions are associated with an increase in mortality. In patients with >50% predicted risk of death, transfusions are associated with reduced mortality. Therefore, it can be concluded that high-risk trauma patients will not profit from more restrictive RBC transfusion strategies. The evaluation of each patient's general condition, accompanying diagnoses and the assessment of the physiological capacity to compensate major blood loss are very important. For example, older patients require more blood components than younger with comparable trauma diagnoses and surgical procedures as shown in our study ( fig. 2 ). This observation might have special impact on transfusion needs in the next decades when considering of the demographic changes expected.
One of the principal aims of PBM is the avoidance of unnecessary blood transfusions [43] . It has to be self-critically noted that the traditional request for RBCs in 'double packs ' has not yet been eradicated despite the educational trainings implemented. This is a simple example that the transformation of habits needs patience and persistency.
In conclusion, our retrospective study indicates that educational PBM initiatives improve the awareness that allogeneic blood transfusions are associated with inherent risks beyond transfusiontransmitted infections. Furthermore, we observed a decrease in transfusion recipients and with some restrictions a reduction in RBC consumption by trend.
The application of blood components should be monitored as a quality-assured element of general hospital care in all supra-regional centres of the German TraumaNetwork DGU to verify the effectiveness of any kind of PBM measures. A broadly accepted, evidence-based treatment algorithm for all bleeding trauma patients, including those with severe haemorrhage, should be implemented by each hospital as recommended in the European guidelines [13] .
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